NASA mobile satellite program by Weber, W. & Knouse, G.
NASA MOBILE SATELLITE P R O G W  
George Knouse 
NASA Headquarters 
Washington, DC 
William Weber 
Jet Propulsion Laboratory 
Pasadena, CA 
Large Space Antenna Systems Technology - 1984 
December 4 - 6 ,  1984 
https://ntrs.nasa.gov/search.jsp?R=19850015503 2020-03-22T19:04:35+00:00Z
MOBILE SATELLITE CONCEPT 
FUNCTIONAL DESCRIPTION 
A Mobile Satell i te System (MSS) prov ides  communications over  large geographic 
areas between mobile t e r m i n a l s  (whether on l and ,  sea, o r  i n  t h e  a i r )  and t h e i r  
a s s o c i a t e d  base s t a t i o n s .  Communica t ions  b e t w e e n  t h e  m o b i l e s  and  t h e  base 
s t a t i o n s  o r  telephone gateway s t a t i o n s  are r e l a y e d  by a g e o s t a t i o n a r y  satellite. 
A n e t w o r k  management c e n t e r  p r o v i d e s  c a l l  s e t u p  and  c h a n n e l  a l l o c a t i o n  and  
c o n t r o l s  t h e  o p e r a t i o n  of t h e  network. A t y p i c a l  coverage area would i n c l u d e  
t h e  48 states,  Alaska, and sur rounding  c o a s t a l  waters, t h u s  augmenting e x i s t i n g  
and  p l a n n e d  t e r res t r ia l  s y s t e m s  t h a t  are c o n c e n t r a t e d  p r i m a r i l y  i n  h igher  
popula t ion  areas. R e p r e s e n t a t i v e  s e r v i c e s  i n c l u d e  t e l e p h o n y ,  two-way r a d i o ,  
d i spa tch ,  message and low-speed data, paging, and p o s i t i o n  location. P o t e n t i a l  
markets i n c l u d e  both commercial and government a p p l i c a t i o n s  such as i n t e r s t a t e  
t r u c k i n g ,  r e m o t e  o i l / g a s  d r i l l i n g ,  b u s i n e s s ,  a n d  e m e r g e n c y  r e s p o n s e  
communications such  as r e q u i r e d  f o r  emergency medical s e r v i c e  and wide-area law 
enforcement. 
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A POSSIBLE FIRST-GENERATION MSS 
BEAM COVERAGE PATTERN 
The MSS satell i te w i l l  most l i k e l y  be a convent iona l  communications sa te l l i te  
bus w i t h  a r e l a t i v e l y  large deployable  antenna, i n  t h e  range  o f  10 t o  30 feet i n  
diameter. One p o s s i b l e  d e s i g n  m i g h t  i n c l u d e  a 25 f t  UHF a n t e n n a  w i t h  a f o u r  
beam p a t t e r n  cove r ing  both t h e  US and Canada. The f i r s t - g e n e r a t i o n  system may 
be  a j o i n t  v e n t u r e  b e t w e e n  t h e  US and Canada; however ,  i t  w i l l  be b u i l t  and  
o p e r a t e d  by t h e  p r i v a t e  s e c t o r .  N A S A  a n d  t h e  C a n a d i a n  D e p a r t m e n t  o f  
Communications (DOC) have worked c o o p e r a t i v e l y  f o r  t h e  p a s t  f i v e  y e a r s  toward 
a c c e l e r a t i n g  the  i n t r o d u c t i o n  o f  t h i s  new satell i te serv ice .  Three companies i n  
t h e  US and  o n e  i n  Canada have  e x p r e s s e d  t h e i r  i n t e n t  t o  o p e r a t e  s u c h  s y s t e m s .  
The FCC w i l l  soon i s s u e  a Notice o f  Proposed Rulemaking for f r e q u e n c i e s  i n  the  
806-890 MHz band and  w i l l  r e q u e s t  a p p l i c a t i o n s  f o r  l i c e n s e s  for MSS. NASA i s  
working w i t h  t h e  FCC, US i n d u s t r y ,  DOC, and o t h e r  government a g e n c i e s  to  a s s u r e  
the  launch  of  t h i s  new system by t h e  end of t h e  decade. 
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A POSSIBLE SECOND-GENERATION MSS 
BEAM PATTERN 
The f i g u r e  shows a p o s s i b l e  second-generation MSS beam p a t t e r n  r e s u l t i n g  from a 
UHF 50-ft an tenna .  Sys t em s t u d i e s  by N A S A ,  J P L ,  and  t h e i r  c o n t r a c t o r s  h a v e  
i n d i c a t e d  t h a t  the second g e n e r a t i o n  w i l l  be launched i n  the mid-l990s, have a n  
antenna i n  t h e  range of  15 t o  25 meters, and use  large communications sa te l l i te  
b u s e s  w h i c h  are  a l r e a d y  i n  t h e  p l a n n i n g  stages. F requency  r e u s e  among t h e  
antenna beams w i l l  p rovide  g r e a t l y  expanded channel c a p a c i t y  f o r  t h e  expected 
l imi t ed - f r equency  a l locat ion 
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A POSSIBLE THIRD-GENERATION MSS 
BEAM PATTERN 
The f i g u r e  shows a p o s s i b l e  th i rd -gene ra t ion  MSS beam p a t t e r n  r e s u l t i n g  from a 
UHF 180-f t an tenna .  Sys t em s t u d i e s  have  i n d i c a t e d  t h a t  t h e  t h i r d  g e n e r a t i o n  
w i l l  be l a u n c h e d  n e a r  t h e  t u r n  of t h e  c e n t u r y ,  have  a n  a n t e n n a  i n  t h e  40 t o  5 5  
meter range, and require t o t a l l y  new satell i te design concepts. Such a system 
c o u l d  p r o v i d e  a f f o r d a b l e  m o b i l e  s e r v i c e s  t o  h u n d r e d s  o f  t h o u s a n d s ,  i f  n o t  
m i l l i o n s ,  of users. 
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CONCEPTUAL DESIGN OF THIRD-GENERATION MSS 
The f i g u r e  shows t h e  c o n c e p t u a l  d e s i g n  of a t h i r d - g e n e r a t i o n  s y s t e m  w i t h  a 55 
meter, UHF, Lockheed wrap-rib deployable  antenna. The 90 beams are genera ted  by 
a p lana r  feed a r r a y  and beam-forming network. I n  t h i s  design,  UHF f r equenc ie s  
are used for  the  sa t e l l i t e - to -mob i l e  communications links w h i l e  S-band i s  used 
for  the  satellite-to-base s t a t i o n  l inks .  
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CONSTRAINTS THAT DRIVE TECHNOLOCY 
Three key  r e s o u r c e s  i n  t h e  deve lopmen t ,  g r o w t h ,  and  f i n a n c i a l  v i a b i l i t y  of a 
mobile sa te l l i t e  s e r v i c e  are satell i te power, RF spectrum, and o rb i t a l  slots. 
The h i g h - r i s k  technologies  i n  t h e  NASA development program are directed toward 
c o n s e r v i n g  these c r i t i c a l  r e s o u r c e s .  Space segment t echno log ie s  t o  a l l e v i a t e  
these c o n s t r a i n t s  are multiple-beam antennas  w i t h  f requency reuse ,  l i n e a r  power 
amplifiers t o  reduce t h e  in t e rmodu la t ion  problems i n h e r e n t  i n  single-channel- 
per-carrier MSS opera t ion ,  and poss ib ly  satel l i te  s w i t c h i n g  and on-board s i g n a l  
processing. Ground segment technologies  include:  h i g h  ga in ,  sa te l l i te  t r a c k i n g  
mobi le  v e h i c l e  a n t e n n a s ;  na r row-bandwid th  and power e f f i c i e n t  m o d u l a t i o n  
t e c h n i q u e s ;  c o d i n g  and  e r r o r  c o r r e c t i o n  f o r  t h e  f a d i n g  and  n o i s y  mobi le  
channels ;  speech process ing  and data compression; VLSI t o  reduce s ize  and cost; 
and mu1 t i p l e  access and networking techniques  for  e f f i c i e n t  u t i l i z a t i o n  of t h e  
channels. The NASA Mobile Satell i te Program i n c l u d e s  the development of a l l  of 
these technologies.  
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A PHASED MOBILE SATELLITE PROGRAM PLAN 
The NASA program is  s t r u c t u r e d  i n  three phases t o  suppor t  the planned commercial 
launch  schedule. A l l  phases employ t h e  J o i n t  Endeavor Agreement (JEA) mechanism 
f o r  program i m p l e m e n t a t i o n  T h i s  a p p r o a c h  d i r e c t l y  s u p p o r t s  t h e  P r e s i d e n t ' s  
Space Po l i cy  t o  make NASA i n c e n t i v e s  a v a i l a b l e  to  commercial e n t i t i e s  t h a t  are 
w i l l i n g  t o  take s i g n i f i c a n t  inves tment  r i s k s  t o  establish and market new space 
s e r v i c e s  and products. Phase 1, called t h e  Mobile Satel l i te  Experiment (MSAT- 
X), is directed toward the development o f  ground segment technology needed f o r  
f u t u r e  MSS generations.  Technology v a l i d a t i o n  and pre-opera t iona l  exper iments  
w i t h  o t h e r  government agenc ie s  w i l l  be carried o u t  du r ing  the two-year pe r iod  
f o l l o w i n g  l aunch .  The s a t e l l i t e  c h a n n e l  c a p a c i t y  needed  t o  c a r r y  o u t  these 
e x p e r i m e n t s  w i l l  be o b t a i n e d  f rom i n d u s t r y  u n d e r  a b a r t e r - t y p e  a g r e e m e n t  i n  
exchange  f o r  NASA-provided l a u n c h  s e r v i c e s .  Phase 2 w i l l  d e v e l o p  and  f l i g h t  
test the  multibeam spacecraft antenna technology needed t o  o b t a i n  s u b s t a n t i a l  
frequency r euse  for  second-generation commercial systems. I n d u s t r y  w i l l  p rovide  
the  antenna, and NASA w i l l  f l y  i t  on the  S h u t t l e  and test it  on-orbit. Phase 3 
i s  similar t o  Phase 2 but w i l l  develop an e v e n  larger m u l t i b e a m  a n t e n n a  and  
test i t  on  the  Space Station. 
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PHASE 1 /MSAT-X TECHNOLOCY DEVELOPMENT 
LOW-GAIN VEHICLE ANTENNA TECHNOLOGY DEVELOPMENT 
These are f o u r  low-gain v e h i c l e  a n t e n n a s  t h a t  have  been  d e v e l o p e d  in-house  a t  
JPL f o r  MSS use. Each antenna type provides  a t  least 4 dBi of peak ga in  and is 
o m n i - d i r e c t i o n a l  i n  az imuth .  The i n d i v i d u a l  d e s i g n s  d i f f e r  i n  c o s t ,  g a i n ,  
e l e v a t i o n  angle  coverage, size, and aesthetics. The f i r s t - g e n e r a t i o n  MSS w i l l  
employ antennas s i m i l a r  i n  design. 
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PHASE l/MSAT-X TECHNOLOCY DEVELOPMENT 
MEDIUM-GAIN TRACKING ANTENNA 
The medium-gain,  s a t e l l i t e  t r a c k i n g  v e h i c l e  a n t e n n a  i s  a key t e c h n o l o g y  
development i n  t h e  NASA program, Not only  can i t  provide more gain,  but i t  can 
a l s o  reduce t h e  effects o f  mul t ipa th  fading,  thereby s i g n i f i c a n t l y  reducing  t h e  
power burden on the  satellite. The goal  of  t h i s  development is an antenna w i t h  
10 dBi  of  gain,  au tomat ic  sa te l l i te  t r ack ing  i n  azimuth and e l eva t ion ,  and a low 
p h y s i c a l  p r o f i l e ,  A s  shown o n  t h e  n e x t  page, a n o t h e r  g o a l  i s  t o  e n a b l e  two  
sa te l l i t e  opera t ion .  Accomplishing a l l  t h i s  a t  low c o s t  w i l l  be a s i g n i f i c a n t  
chall  enge . 
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PHASE l /MSAT-X TECHNOLOGY DEVELOPMENT 
MEDIUM-GAIN ANTENNA I N  TWO-SATELLITE OPERATION 
An additional goal of the medium-gain, tracking antenna is the abi l i ty  to reject 
signals tolfrom a second sa te l l i t e  through the control of its  sidelobea Such 
antennas would enable a doubling of  t h e  MSS capacity through the use of two 
sa te l l i t e s  operating at the same frequencies. 
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PHASE 1 /MSAT-X TECHNOLOGY DEVELOPMENT 
MEDIUM-GAIN ANTENNA CONCEPTS 
JPL c u r r e n t l y  has c o n t r a c t s  w i t h  B a l l  Aerospace and Cubic Corpora t ion  t o  s tudy  
concepts  s u i t a b l e  f o r  t h e  medium-gain, t r a c k i n g  antenna. These s t u d i e s  seek t o  
q u a n t i f y  t h e  expected c o s t  o f  these antennas  as a f u n c t i o n  o f  antenna g a i n  and 
p r o f i l e .  A l l  d e s i g n s  have  u s e d  m i c r o s t r i p  pa t ches .  The  t r a c k i n g  mechan i sms  
h a v e  i n c l u d e d  m e c h a n i c a l  s t e e r i n g ,  e l e c t r o n i c  swi t ch ing ,  o r  e l e c t r o n i c  phase 
s h i f t i n g  i n  dec reas ing  o r d e r  o f  p r o f i l e  he ight ,  but i n  i n c r e a s i n g  o r d e r  o f  cost. 
Future  c o n t r a c t s  w i l l  develop promis ing  concepts  t o  t h e  pro to type  stage. These 
an tennas  w i l l  e v e n t u a l l y  be tested w i t h  t he  first -gene ra t ion  mobile sa te l l i t e  
system as a part  of t he  MSAT-X exper iment  phase. 
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PHASE 1 /MAT-X TECHNOLOGY DEVELOPMENT 
PHASED-ARRAY VEHICLE ANTENNA 
The c e n t e r  concept from the previous page i s  f u r t h e r  dep ic t ed  i n  t h i s  drawing. 
T h i s  concept has t h e  promise of very low p r o f i l e  and f u l l y  e l e c t r o n i c  o p e r a t i o n  
The e x p e c t e d  c o s t  a t  t h i s  time is, however ,  p r o h i b i t i v e .  The t e c h n o l o g y  
cha l lenges  w i l l  be t o  reduce t h e  component c o s t s  i n  t h i s  concept o r  t o  develop 
o t h e r  concepts  more s u i t e d  t o  low-cost implementation. 
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PHASE l/MSAT-X TECHNOLEY DEVELOPMENT 
ANALOG 
VOICE 
MODULAR MOBILE R A D I O  TERMINALS 
.1 t CORE MODULE 
The MSAT-X program also i n c l u d e s  t h e  development of mobile r a d i o  components and 
t echno log ie s  which w i l l  a l l e v i a t e  t h e  bandwidth and power c o n s t r a i n t s  f o r  f u t u r e  
MSS g e n e r a t i o n s .  Key d e v e l o p m e n t s  w i l l  i n c l u d e  a m o d u l a r  m o b i l e  r a d i o  f o r  
t e s t i n g  new modulation and t r a n s m i s s i o n  t e c h n i q u e s  w i t h  t h e  f i r s t - g e n e r a t i o n  
system; narrow bandwidth ana log  and d ig i t a l  modulation techniques  f o r  vo ice  and 
data  t r a n s m i s s i o n ;  c o d i n g  and  e r r o r  c o r r e c t i o n  t e c h n i q u e s  t o  overcome t h e  
effects  of  no i se  and fad ing;  and d i g i t a l  speech p rocess ing  and data compression 
t e c h n i q u e s  f o r  n a r r o w  b a n d w i d t h  d i g i t a l  v o i c e  t r a n s m i s s i o n .  The g o a l  i s  t o  
reduce the  r e q u i r e d  channel bandwidth from t h e  c u r r e n t  mobile s t anda rd  o f  30 kHz 
( a n a l o g  FM) t o  5 kHz f o r  b o t h  d i g i t a l  v o i c e  and da ta ,  w h i l e  a t  t h e  same time 
r e d u c i n g  t h e  r e q u i r e d  t r a n s m i t t e d  power. I n  a d d i t i o n  t o  t h e  m o b i l e  t e r m i n a l  
t e c h n o l o g i e s ,  MSAT-X w i l l  d e v e l o p  n e t w o r k i n g  t e c h n i q u e s  f o r  t h e  e f f i c i e n t  
c o n t r o l  and  management  o f  t h e  MSS network .  Techniques addressed w i l l  i nc lude  
m u l t i p l e - a c c e s s  t e c h n i q u e s  and a d a p t i v e  c h a n n e l  a s s i g n m e n t  t e c h n i q u e s  f o r  
combined  v o i c e  and  v a r i a b l e  b a n d w i d t h  data. The g o a l  i s  t o  m a x i m i z e  t h e  
u t i l i z a t i o n  o f  t h e  a v a i l a b l e  c h a n n e l s .  The e x p e r i m e n t  phase  o f  MSAT-X w i l l  
i n c l u d e  t e s t s  w i t h  t h e  f i rs t  c o m m e r c i a l  MSS of a l l  t h e  MSAT-X t e c h n o l o g y  
developments i n  mobile t e r m i n a l s ,  mobile antennas,  base s t a t i o n s ,  and network 
management techniques. 
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PHASE 1 NASA/INDUSTRY J O I N T  ENDEAVOR 
I n  o r d e r  t o  v a l i d a t e  the  advanced ground segment technology, NASA, con t ingen t  on 
FCC's ru lemaking  and r e g u l a t o r y  process ,  i n t e n d s  t o  e n t e r  i n t o  a J o i n t  Endeavor 
Agreement  w i t h  p r i v a t e  i n d u s t r y .  The j o i n t  e n d e a v o r  b e t w e e n  N A S A  and  t h e  
owner/operator of t h e  first commercial mobile sa te l l i te  system w i l l  be based on 
a b a r t e r - t y p e  a g r e e m e n t  u n d e r  w h i c h  t h e  US e n t i t y  o r  s y s t e m  o p e r a t o r  would  
supply a percentage  of t h e  sa te l l i t e  channel c a p a c i t y  t o  NASA for t h e  advanced 
technology v a l i d a t i o n  and o t h e r  government agency pre-opera t iona l  exper iments  i n  
exchange for NASA-provided launch  serv ices .  ( N A S A  has  already s igned  Memoranda 
of U n d e r s t a n d i n g  w i t h  s i x  o t h e r  gove rnmen t  a g e n c i e s  i n  a n t i c i p a t i o n  of t h e i r  
p a r t i c i p a t i n g  w i t h  N A S A  i n  these t e c h n o l o g y  v a l i d a t i o n  and  p r e - o p e r a t i o n a l  
experiments.) The US system o p e r a t o r ,  p o s s i b l y  i n  con junc t ion  w i t h  i ts  Canadian 
c o u n t e r p a r t ,  Le. Telesat, would  s p e c i f y ,  p r o c u r e ,  own, and  o p e r a t e  t h e  space 
segment. T h i s  approach has precedent  and is  suppor ted  by US indus t ry .  
NASA PROVIDES STANDARD LAUNCH SERVICES 
U.S. S Y S T W  OPERATOR SUPPLIES CHANNEL CAPACITY 
NASA USES CHANNELS FOR 
GROUND TERMINAL TECHNOLOGY VALIDATION FOR 
2nd-GENERATION SYSTEMS 
SUPPORT OTHER GOVERNMENT EXPERIMENTERS 
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PHASE 2/3 PROGRAM GOAL 
The s e c o n d  and  t h i r d  phases  o f  N A S A ' s  p rogram are t o  p r o v i d e  t h e  c r i t i c a l  
e n a b l i n g  t e c h n o l o g y  o f  spacecraf t  mu1 t i beam an tennas  r e q u i r e d  f o r  second-and 
t h i r d - g e n e r a t i o n  MSS. Antennas  o f  t h i s  t y p e  are ab le  t o  r e u s e  t h e  l i m i t e d  
f r e q u e n c y  r e s o u r c e  f o u r  t o  t w e n t y  t imes and r e d u c e  RF power  p e r  c h a n n e l  
r e q u i r e m e n t s  by f a c t o r s  o f  10 t o  100 o r  more o v e r  t h a t  o f  a f i r s t - g e n e r a t i o n  
system. T h i s  magnitude of  i nc reased  performance w i l l  a l l ow satell i te c a p a c i t y  
t o  grow i n  accordance w i t h  expec ted  market demands and w i l l  decrease user costs.  
F u r t h e r ,  i t  w i l l  make p o s s i b l e  a d d i n g  a h i g h e r  p r o p o r t i o n  o f  h igh  r e s o u r c e  
s e r v i c e s  such as mobile te lephones .  Phase 2 w i l l  emphasize the  development and 
f l ight  test on t h e  S h u t t l e  of t h e  antenna system f o r  t he  second-generation MSS, 
w h i l e  Phase 3 w i l l  emphasize t h e  d e v e l o p m e n t  of t h e  t h i r d - g e n e r a t i o n  a n t e n n a  
w i t h  a f l ight test on t h e  Space Station. 
PROVIDE THE CRITICAL ENABLING 
SPACECRAFT MULTI-BEAM ANTENNA 
TECHNOLOGY REQUIRED FOR THE SECOND- AND 
THIRD-GENERATION MOBILE SATELLITE 
SYSTEMS 
16 
A SECOND-GENERATION MOBILE SATELLITE 
----- 
p r o v j  
r e u s e  
i n  t h  
of t h  
A cand ida te  second-generation antenna system m i g h t  i n c l u d e  a 20-meter r e f l e c t o r  
and a multiple-beam feed array producing 24 beams f o r  t h e  US and Canada. Th i s  
beam p a t t e r n  a l lows  t h e  a v a i l a b l e  band of f r e q u e n c i e s  t o  be r e u s e d  a b o u t  six 
times. A spacecraft w i t h  t h i s  type of antenna m i g h t  weigh 2500 pounds on-orbit 
w i t h  a p r ime  power c a p a b i l i t y  o f  a b o u t  3.5 t o  4.5 .kW. The Hughes HS-376 
s p a c e c r a f t  is shown f o r  s ize  comparison. C l e a r l y  t he  antenna system dominates 
t h e  s a t e l l i t e  a n d  is t h e  k e y  t e c h n o l o g y  t o  e n a b l e  the s e c o n d - g e n e r a t i o n  
.ite. I n  t h e  RF area, t h e  key a s p e c t  of t h e  a n t e n n a  d e v e l o p m e n t  i s  t h e  
le-beam feed a r r a y  and t h e  beam-forming network (BFN) which d i s t r i b u t e s  
. g n a l s  t o  t h e  feed a r r a y  e l e m e n t s .  The feed a r r a y  and  BFN must:  be 
1 i P h t w e i g h t ;  t r a n s m i t  and r e c e i v e  s imultaneously w i t h  a 5% frequency sepa ra t ion ;  
i d e  m u l t i p l e  beams w i t h  s u f f i c i e n t l y  low s i d e l o b e s  t o  e n a b l e  f r e q u e n c y  
; and ma in ta in  its performance through t h e  thermal  and dynamic d i s t o r t i o n s  
e space e n v i r  The cha l l enges  i n  t he  mechanical and s t r u c t u r a l  areas 
e antenna i n c  r e f l e c t o r ,  t h e  booms and masts between the  s p a c e c r a f t  
bus  and  t h e  re f le  feeds, and t h e  feed a r r a y  a s s e m b l y  i tsel f .  Each of 
these componen t s  UIUJI, u a p l o y  p r o p e r l y ,  a c h i e v e  reflector/feed a l i g n m e n t  and  
s u r f a c e  accuracy, be lightweight y e t  be r igid dur ing  c o n t r o l  system maneuvers, 
and  m a i n t a i n  t o l e r a n c e s  t h r o u g h  thermal v a r i a t i o n s .  The demand f o r  low 
sidelobes t o  o b t a i n  frequency r e u s e  dictates a p r e c i s i o n  o f  1/60 wavelength rms 
ionmenti 
l ude  t h e  1 
c t o r  and 
-..-L -I^ .. 
s u r f a c e  accuracy which i m p l i e s  6 m m  a t  UHF frequencies. 
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PHASE 2 TECHNOLOGY DEVELOPMENT 
MSS INTEGRATED PLANAR FEED ARRAY 
A key e l e m e n t  i n  t h e  a n t e n n a  s y s t e m  i s  t h e  mul t ibeam feed a r r a y .  The 
accompanying  char t  shows a c u t a w a y  d r a w i n g  o f  t h e  assembly.  The t o p  layer  
c o n t a i n s  t h e  mic ros t r ip  feed e l e m e n t s .  Four  pa tches  fo rm a sub-e l emen t  and  
seven sub-elements form a c l u s t e r  which produces a s i n g l e  beam. The des ign  u s e s  
over-lapping c l u s t e r  feeds where ad jacen t  beams may s h a r e  4 sub-elements. Using 
t h i s  c o n c e p t ,  o n e  c a n  s y n t h e s i z e  feeds w i t h  large,  e f f e c t i v e  a p e r t u r e s ,  
r e s u l t i n g  i n  low s ide lobes ,  y e t  s o l v i n g  t h e  feed p a c k i n g  problem i n  t h e  t i g h t  
space a v a i l a b l e  i n  t h e  focal plane. The beam-forming network is formed from an  
i n t r i c a t e  network of m i c r o s t r i p  layers. The e l e c t r o n i c s ,  i.e., HPA's, LNLlk, and 
d ip l exe r s ,  are also h o u s e d  i n  t h e  f e e d - a r r a y  a s s e m b l y  as  c a n  be s e e n  i n  t h e  
char t .  
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PHASE 2 TECHNOLOGY DEVELOPMENT 
EIGHT-BEAM OVERLAPPING CLUSTER FEED 
Current ly ,  JPL is implementing an eight-beam breadboard based on t h e  conceptual 
d e s i g n  on  t h e  p r e v i o u s  page. The b r e a d b o a r d  w i l l  c o n s i s t  o f  t h e  m i c r o s t r i p  
feed a r r a y  and t h e  matching beam-forming network. The beam-forming network has  
been f a b r i c a t e d  by Ford Aerospace. To reduce the  phys ica l  s ize  o f  t h e  breadboard 
t h e  f e e d  was d e s i g n e d  t o  o p e r a t e  a t  S-band. When c o m p l e t e d  and  t e s t e d ,  t h i s  
breadboard f eed  w i l l  be f u r t h e r  t e s t e d  wi th  t h e  15-meter deployable  r e f l e c t o r  
developed by NASA/Langley and t h e  Harris Corporation. 
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PHASE 2 TECHNOLOGY DEVELOPMENT 
ANTENNA E'LIGHT TEST 
Ground t e s t i n g  of an  e n t i r e  20-meter, second-generation MSS antenna system t o  
pred ic t  system performance on-orb i t  is  p o s s i b l e  but  would be ex t remely  d i f f i c u l t  
a n d  e x p e n s i v e ,  and  t h e  r e s u l t s  may be o f  d u b i o u s  v a l u e .  A f l i g h t  test  of t h e  
e n t i r e  antenna system would greatly reduce the r i s k  and u n c e r t a i n t y  of  launching  
such an  antenna and would a t  the  same time v a l i d a t e  ground test procedures  f o r  
f u t u r e  antenna systems. The NASA S h u t t l e  is i d e a l l y  s u i t e d  f o r  per forming  t h e  
m a j o r i t y  of 0-g, dynamic ,  and t h e r m a l  t e s t s  r e q u i r e d  t o  space q u a l i f y  t h i s  
a n t e n n a  system. The b r o a d  o b j e c t i v e s  o f  t h i s  s e c o n d - g e n e r a t i o n  MSS a n t e n n a  
f l i g h t  t e s t  are: d e m o n s t r a t e  t h e  r e l i a b l e  d e p l o y m e n t  o f  t h e  a n t e n n a  s y s t e m  
s t r u c t u r e ;  m e a s u r e  t h e  a p e r t u r e  p r e c i s i o n  and  feed a l i g n m e n t ;  m e a s u r e  t h e  
thermal and dynamic s t r u c t u r a l  characteristics of  t h e  e n t i r e  antenna system; and 
v e r i f y  through RF measurements t h a t  t h e  antenna meets a l l  predicted performance 
s p e c i f i c a t i o n s  u n d e r  a l l  expected c o n d i t i o n s .  Such a f l i g h t  t e s t  c o u l d  be 
c o n d u c t e d  by t h e  end  o f  t h e  decade. One f l i g h t  t e s t  s c e n a r i o  i s  d e s c r i b e d  
below. 
FLY FULL ANTENNA SYSTEM (REFLECTOR, FEEDS, BOOMS, ETC.) ON SHUTTLE 
M A Y  NOT NEED FULL FEED ARRAY AND ALL BOOMS 
DEPLOY ANTENNA FROM SHUTTLE B A Y  (SHUTTLE ATTACHED) 
PERFORM STRUCTURAL A N D  RF MEASUREMENTS 
REFURL ANTENNA - RETURN WITH SHUTTLE 
CORRELATE FLIGHT RESULTS WITH GROUND PREDICTIONS 
PHASE 2 TECHNOLOGY DEVELOPMENT 
FLIGHT TEST ANTENNA SPECIFICATIONS 
The f l i g h t  test antenna, to  be of v a l u e  for  the  second-generation MSS, must have 
t h e  m i n i m a l  s p e c i f i c a t i o n s  l i s t e d  below. L-band i s  i n c l u d e d  as a c a n d i d a t e  
growth frequency for MSS. I d e a l l y  t h e  test feed should have at least two beams 
a t  b o t h  UHF a n d  L-band, o n e  b o r e s i g h t  feed and  o n e  o f f - ax i s  feed a t  e a c h  
frequency. 
20-m OFFSET-FED DEPLOYABLE ANTENNA 
F I D  = 1.0 - 1.5 
RMS SURFACE ERROR 
3 m m  FOR L-BAND 
6 mm FOR UHF 
BEAM ARRANGEMENTS 
MULTIPLE BEAMS 
AT LEAST 2 BEAMS 
2 1  
PHASE 2 TECHNOLOGY DEVELOPMENT 
FLIGHT TEST WITH SPARTAN SPACECRAFT 
One p o s s i b l e  c o n f i g u r a t i o n  f o r  t h e  f l i g h t  RF f a r - f i e l d  p e r f o r m a n c e  tests i s  
d e p i c t e d  below. The S p a r t a n  i s  a r e u s a b l e  and  r e t r i e v a b l e  spacecraf t  u n d e r  
development a t  NASA Goddard. For t h e  antenna flight tests t h e  Spa r t an  payload 
c o u l d  i n c l u d e  a n  RF beacon and be  p o s i t i o n e d  a t  5 km from t h e  S h u t t l e .  
Fol lowing RF tests t h e  S h u t t l e  would r e t r i e v e  the  Spa r t an  and r e t u r n  i t  and t h e  
r e f u r l e d  antenna.  
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PHASE 2 TECHNOLOGY DEVELOPMENT 
RF FAR-FIELD MEASUREMENTS 
The Spartan c o u l d  be p o s i t i o n e d  a t  5 km from t h e  S h u t t l e  for t h e  f a r - f i e l d  
measurements at both UHF and L-band. The antenna would require a r t i c u l a t i o n  i n  
az imuth and e l e v a t i o n  about  i ts  a t tachment  p o i n t ,  or some o t h e r  movement 
mechanism, to obta in  the beam patterns. 
I 5 Km - 
MU LT I FR EQ U EN CY 
RF SOURCE 
ANTENNA ROTATES AND 
TILTS FOR RF MEASUREMENT 
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PHASE 2 TECHNOLOGY DEVELOPMENT 
NASA/INDUSTRY J O I N T  ENDEAVOR ON F L I G H T  T E S T  
The s e c o n d - g e n e r a t i o n  a n t e n n a  i s  t e c h n o l o g y  i n t e n d e d  f o r  use by the  p r i v a t e  
s e c t o r .  N A S A ' s  new space c o m m e r c i a l i z a t i o n  program was f o r m e d  t o  assist 
i n d u s t r y  d e v e l o p  t h i s  t y p e  o f  t e c h n o l o g y  t h r o u g h  c o o p e r a t i v e  d e v e l o p m e n t  
p r o g r a m s  when s u c h  d e v e l o p m e n t  i s  o f  b e n e f i t  t o  b o t h  N A S A  and  i n d u s t r y .  A 
sugges ted  s p l i t  of r e s p o n s i b i l i t i e s  i n  t h i s  endeavor is as follows. I n d u s t r y  
would be r e s p o n s i b l e  f o r  t h e  d e s i g n ,  d e v e l o p m e n t ,  and  i m p l e m e n t a t i o n  o f  t h e  
f l i g h t  t e s t  an tenna .  N A S A  would  be r e s p o n s i b l e  for: t h e  d e s i g n ,  d e v e l o p m e n t ,  
and implementa t ion  of  an  on-orb i t  test f a c i l i t y  i n c l u d i n g  the p o s s i b l e  use of 
the  Spa r t an  spacecraft; S h u t t l e  i n t e g r a t i o n  and launch  of  the  test article; on- 
o r b i t  tests of t h e  t e s t  a n t e n n a  i n c l u d i n g  a l l  i n s t r u m e n t a t i o n  and  data 
r e d u c t i o n ;  and ,  as a p p r o p r i a t e ,  o t h e r  t e c h n o l o g y  t e s t s  and e x p e r i m e n t s ,  
i n c l u d i n g  a l t e r n a t i v e  feeds. If poss ib l e ,  the  antenna w i l l  be r e f u r l e d  on-orb i t  
and r e t u r n e d  t o  t h e  manufacturer. 
INDUSTRY (ANTENNA MANUFACTURER 1 
DESIGN, DEVELOP AND FABRICATE ANTENNA SYSTUJ\ FLIGHT PROTOTYPE 
NASA 
DESIGN, DEVELOP AND FABRICATE ON-ORBIT TEST FACILITY 
LAUNCH ANTENNA ON SHUITLE 
PERFORM ON-ORBIT TESTS, REDUCE DATA AND TRANSFER TO INDUSTRY 
SUMMARY 
NASA, i n d u s t r y ,  the  FCC, and Canada have inc reased  t h e i r  e f f o r t s  t o  enab le  t h e  
c o m m e r c i a l i z a t i o n  o f  t h e  m o b i l e  s a t e l l i t e  s e r v i c e  by t h e  end  o f  t h e  decade, 
NASA h a s  s e r v e d  as t h e  f o c a l  p o i n t  i n  t h e  many areas o f  t h i s  d e v e l o p m e n t  
p r o c e s s ,  NASA h a s  d e f i n e d  a three-phase program o f  d e v e l o p m e n t  o f  g round  and  
space segment t echno log ie s  which w i l l  enhance and enab le  the  second and t h i r d  
g e n e r a t i o n  m o b i l e  s a t e l l i t e  s y s t e m s ,  NASA i s  p r e p a r e d  t o  e n t e r  i n t o  a j o i n t  
e n d e a v o r  w i t h  i n d u s t r y  t o  a c q u i r e  c h a n n e l  c a p a c i t y  on t h e  f irst  c o m m e r c i a l  
system f o r  t h e  purpose of  conduct ing  advanced technology expe r imen t s  and f o r  t h e  
use of o t h e r  government agencies. NASA is also prepared t o  e n t e r  i n t o  a j o i n t  
e n d e a v o r  w i t h  i n d u s t r y  t o  b u i l d  and  f l i g h t  tes t  o n  t h e  S h u t t l e  a second  
gene ra t ion  MSS antenna  system. 
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